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DISCLAIMER
Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. The second phase which is now in progress includes an analysis of the (1) nuclear and thermal stability of the reference design and an evaluation of the economics of advanced designs.
I would ·first like to review briefly some of the important details of the initial phase of the program, concentrating on the problems and interesting design aspects peculiar to the use of boiling mercury as a reactor coolant.
Evaluation of the technical feasibility and economic potential of the mercury cooled breeder reactor concept (which we refer. to.as.·the MCBR) requited rather extlensive:. .,. ...
core design parametric studies leading to the conceptual design of a complete power plant.
For the considerable background information required, we drew heavily on experience'gained in conventional power plants employing the so called mercury topping cycle and on fast breeder reactor technology developed for the EBR and Enrico Fermi programs,
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BACKGROUND,INFORMATION
It was first necessary to determine the advantages and limitations of mercury as a coolant in.a fast reactor and to obtain all heat transfer, fluid.flow, physics.and materials corrosion.data available for mercury. I believe that it would be of interest to briefly review some of the properties of mercury and. considerations pertinent. to its.use as a fast reactor coolant prior to discussing the basis for and results of the studies.
Consideration of mercury as the thermodynamic fluid in fast breeder reactors stems from the valuable attributes of this material listed below:
1. Hg is an element and is not subject to thermal or radiation decomposition.
2. It is a liquid at normal ambient temperatures.
3. Known deposits are large and annual world production in 1959 " approached 20,000,000 #.
4. In common with other liquid metals, it possesses good heat tranifer properties.
5. It is chemically inert to air and water.
6. At high saturation temperatures of say 950'F, its vapor pressure is only 120 psig.
7. Mercury vapor may be used directly as a working fluid in.a turbine.
An important consideration is that many years of operating experience with .boiling mercury as a heat transfer medium has been gained in conventional mercury binary cycle power plants, several of which are still in operation. This experience has proven-out components, such as pumps and mercury turbines and has established the following fundamental criteria for design of plants using Hg as a coolant:
1. .Although extremely toxic, high temperature mercury can.be handled and contained safely. This is attested by the excellent safety record of the conventional plants during many years of operation.
2. To insure wetting of heat transfer surfaces and to inhibit corrosion of ferrous materials, mercury must be inhibited with small amounts of magnesium and titanium. The titanium acts as an inhibitor forming a protective Ti-Fe film.
The magnesium improves the inhibiting action of the titanium as well as acting as an oxygen getter and a wetting agent. If so inhibited, a five per cent chrome steel has contained mercury at temperatures to 1,000'F with .essentially no metal loss for periods of many years. 
BASIS FOR CONCEPTUAL DESIGN
In accordance with the contract, the initial studies were limited to a plant employing an indirect mercury cycle (in other words, one with no direct cycle mercury turbine) and to a core employing .a uranium-10% Mo fuel. Although it is recognized that Pu fuels would ultimately be used, this fuel was chosen since the technology developed for the first core of the Enrico Fermi would apply. An additional requirement was that more fissionable material be produced than was consumed.
The following ground rules were established for the design:
1. No attempt was made to extend the design beyond the technology developed in the existing conventional plants. Maximum coolant temperature was, therefore, limited by material considerations to 1,000'F and the quality of the fog in thi core was limited to a maximum.of 30% by weight.
fast breeder reactor, the Enrico Fermi Atomic Power Plant. It was 7 assumed that 90% of the reactor power was generated in the core and 10% in the blanket.
With these ground rules as a basis, we then proceeded with a series of core parametric ,.
studies leading to the conceptual design of a complete power plant. I shall not attempt to go into the physics, thermodynamic and hydrodynamic design of the core because of the limited time abailable. I would like to point out some of the significant results of the core parametric studies and to describe the conceptual reactor plant design.
The studies revealed that the upper limit of performance for the reactor core was imposed not by heat flux but by the pressure drop associated with.boiling two phase mercury flow because of the large mercury volume change upon vaporization. In addition, a core consisting of a cluster of straight circular U-alloy fuel pins of optimum diameter and spacing with boiling mercury coolant flowing axially to them can sustain an average power density of about 100 kilowatts per liter without unreasonably high pressure drops. This relatively low power density requires a high critical mass of about 2300 kg of U-235. It was further found that breeding is readily achieved but that thick blankets of depleted uranium are required.
Based on the core parametric study, an optimum core and breeder blanket was selected and a complete reactor plant designed.
PLANT DESCRIPTION
I would now like. to discuss some of the details of the conceptual design of the 100 MW(e) -, reactor and systems. This will provide some feeling for the magnitude of the plant on which capital cost estimates were based. Table 1 . Core and blanket data are summarized in Table 2 . You will note that the core is 55.7 inches long and has equivalent circle diameter of 61.3 inches. The blanket is 50 centimeters thick in.both.radial and axial directions.
Reactor performance data are presented in. Table 3 .
Of particular interest is the ow average core power density of about 100 KW/liter which results in a critical 3.:6 # Hg/KW(E), ·is required for the 100 MW(e) plant. This is about one half the quanti ty of mercury required fot conventional mercury power plants.
I shall now briefly discuss some of the details of the reactor plant by referring to 2. The plant is basically of simple design and employs many components with which considerable experience has been gained in conventional plants.
3. The mercury systems are fabricated of low cost materials throughout.
4. The inertness of mercury permits opening the reactor for' refueling; thereby eliminating many.complex fuel handling mechanisms.
Containment requirements are also reduced.
-8- Flow (lb/hr) 7,700,000
Plant load factor 0.80
Total mercury holdup (lb) 360,000
The capital cost estimate presented in Table 5 is based on the conceptual plant design discussed above. The capital cost of $32,815,000 estimated for the MCBR excludesall research and development costs and represents the cost of a plant.designed with no allowancd for expansion above.100 MW(e). This cost may be compared with.the capital cost of $54,600,000 reported for the Enrico Fermi plant, Core A, which .has an initial power output of 100 MW(e). The Fermi figure, however, does include the cost of providing some flexibility for expansion to 156 MW(e). The low capital cost of the MCBR offers another destinct advantage over the sodium cooled plant.
An estimated .fuel cycle cost brealidown for the MCBR is presented in. Table 6 . The MCBR fuel cost of 13.3 mils/kwh may be compared with 12 mils/kwh for the Enrico Fermi reactor. The MCBR fuel cost is high primarily because of the high inventory charges resulting from .the low power density with .the uranium alloy fuel and also because of the thick breeder blanket which is definitely not economic with Plutonium figured at --$12/gm. In spite of this high fuel cost, the estimated MCBR power cost of 21.4 mils/kwh, shown in Table 7 , is competitive with the power cost for the initial Enrico Fermi plant.
It is recognized that both the MCBR and Enrico Fermi are severely penalized by'use of the burnup-limited U-alloy fuel. .The MCBR reference design has been further penalized by restriction to the indirect cycle and by restriction to breeding even though uneconomic.
The ·full potential of MCBR can, tharefore, be fealized only through ·use of advanced Plutonium fuels and improved designs.
ADVANCED DESIGN,STUDIES
It was apparent from the initial feasibility studies that investigation of the economics of advanced designs was essential to realistic evaluation of the potential of the MCBR concept. Improved designs must take advantage of the following:
1. Increased thermal·effidiencies possible with a direct mercury turbine cycle.
2. Reduced fuel cycle costs through uie of advanced Plutonium oxide and carbide fuels and a higher tedperature operation. 
CONCLUSIONS
In conclusion, it can be said that the MCBR is a technically feasible fast breederrea'ctor concept with promising long-range economic p6tential. Additional analytical and experimental work leading ultimately to a reactor test would appear to be justified.
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